This paper analyses the changes of temperature at the ground-level and the temperature and location of the selected isobaric surfaces in relation to Lityński atmospheric circulation (1969) as modified by Pianko-Kluczyńska (2007). The basic data used in this paper were everyday radiosonde measurements obtained from the Aerological Station in Legionowo in the years 2001-2010 at 00 UTC. The subject of the analysis were yearly and seasonal average temperatures as well as the locations of isobaric surfaces. The biggest differences between isobaric surfaces locations during anticyclonic kinds of circulation and those during cyclonic ones occur in winter, while the smallest such differences appear since May till September. When analysing the circulation type (direction and kind), it was established that isobaric surfaces are located at the lowest level during circulations from the northern quadrant. The universality of the circulation calendar which was used and the geographical location of the Aerological Station in Legionowo entitle us to claim the results of this study to be representative for the lowland of Central Europe.
Introduction
Temperature changes both on the ground and in the upper strata of troposphere are conditioned by, among other factors, atmospheric circulation and the circulation-related advection of air masses. Atmospheric circulation is the main factor determining the inflow of air masses that shape the weather and climate of a given region. (Niedźwiedź 1981 (Niedźwiedź , 2000 Buishand & Brandsma 1997; Plaut & Simonnet 2001; Kyselý 2002; Sepp & Jaagus 2002; Kyselý & Huth 2006; Huth et al. 2008; Ustrnul et al. 2014) . The issue of advection's influence on the temperature of air in the lower and middle layers of troposphere has been subject of many studies (Renard & Clark 1965; Strauch 1974; Hill & Simpson 1989; Kożuchowski et al. 1992; Wibig 1994 Wibig , 2001 Plaut & Simonnet 2001; Marshall 2002; Sepp & Jaagus 2002; Bąkowski 2003 Bąkowski , 2007 Wibig et al. 2009a,b; Tomczyk & Bednorz 2016 , Tomczyk et al. 2018 . The strong seasonal diversification of mid-tropospheric circulation's impact on temperature was proved by the analysis of the correlation of average temperature in Poland and the values of 500 hPa geopotential height value (Wibig 1994) . Similarly, Degirmendžić and Kożuchowski (2017) emphasised the influence of the circulation in the upper troposphere on the pressure field and dynamics of lower pressure systems, in particular -on the directions and intensity of advections and the advective changes in ground-level air, including its temperature. These authors proved evident relationships between thermal conditions in free atmosphere and those on ground level. However, these relationships vary depending on the location of the study area (Pyka 1990; Kowalewski 2003; Marshall 2002) and on the studied tropospheric layer (Japan Meteorological Agency 1988) .
The aim of this study has been to determine changes in the ground-level air as well as the temperature and location of the selected isobaric surfaces in relation both to the type of atmospheric circulation and the particular parameters of ground-level air (kind and direction). Moreover, the relationship between the temperature of ground-level air and that of the selected isobaric surfaces has been analysed.
Source data and methods
The basic data used in this paper were everyday radiosonde measurements obtained from the Aerological Station of the Institute of Meteorology and Water Management -National Research Institute (IMGW-PIB) in Legionowo (96 m a.s.l.,  52°24' N,  20°57' E) in the years 2001-2010 at 00 UTC. The choice of night radio sounding allowed for the elimination of sunlight impact on the results. The location and temperature of four main isobaric surfaces within troposphere: 925 hPa, 850 hPa, 700 hPa and 500 hPa were analysed. It is on these isobaric surfaces that the advection of air masses exerts its influence. Whereas the choice of the 2001-2010 multiannual period resulted from the fact that during that time the radiosonde data were the least incomplete and obtained with the use of the radiosondes types which did not differ significantly. In the period under study, only 56 out of 3652 potential measurement records were missing. They referred to singular days over different months and years. The missing records were not replaced or estimated but excluded from the analyses.
Despite merely 10-year's period under analysis, it might be assumed that the obtained results are representative for the assessment of temperature conditions on particular isobaric surfaces. Such approach complies with the generally accepted view that average ten-year values of particular meteorological elements depict the characteristics of climate spatial diversification and gives the opportunity to discover the general laws governing a given phenomenon (Hess 1965; Hess et al. 1980) . According to other authors, the optimal period for reliably determining mean air temperature for a station that has a data series significantly shorter than 30 years ranges from 5 to 15 years (Huang et al. 1996 ). Huang et al. (1996 stated that if mean values are to be determined, the exact length of the period adopted for this purpose within the 10-30-year range is not significant. This view finds its confirmation in, inter alias, the results obtained for the winter thermal severity index in the Western Sudetes (Urban et al. 2018) .
During the 2001-2010 multiannual period the following types of Vaisala radiosondes were used: RS-80 and RS-90 (2001-2003) , RS-92 and RS-92-KL (since 2004) . They were attached to a balloon filled with hydrogen. The sondes introduced in 2004 differed from their predecessors with respect to the casing and electronic solutions. RS-92 sondes feature inscribed factory calibration coefficients, which eliminated the necessity of manually introducing earlier models to a system. In 2005 Polish aerological stations were equipped with DigiCora MW21 systems, which enable GPS navigation tracking, and these are in use till today (Biszczuk-Jakubowska & Zabłocki 2015). All radio sounding systems and all types of sondes require authorisation by World Meteorological Organization (WMO). The authors of the study recognized the changes in the sondes that are mentioned above as insignificant for the obtained results and they considered measurement material used to be homogenous.
Regardless of the duration of the radio sounding and horizontal movement of the balloon, the results of the soundings refer to the vertical space in the atmosphere above the station and to the time at which the sounding was made. The starting data: atmospheric pressure, air temperature and relative humidity, come from the Stevenson screen near the starting field (Ordakowski et al. 2000) . Air temperature values at the start of the sonde were used and they were measured in the Stevenson screen at a height of 2 metres above ground level according to the standards of National Hydrological and Meteorological Service of IMGW-PIB.
Selecting a method to classify atmospheric circulation usually results from the localisation and spatial extent of the study area as well as from the kind of analysed phenomena and their temporal scale (Ojrzyńska 2012). The authors employed Lityński method of classification of atmospheric circulation types (1969) , as it is one of the more important and frequently used in meteorological and climatological studies in Poland (Nowosad 2004; Żmudzka 2007; Łupikasza 2010; Ustrnul et al. 2010 , Kaszewski 2012 . In addition, it is recognised as so-called objective classification for Middle Europe and often features in the works by Polish authors (Pianko-Kluczyńska 2007; Ustrnul & Wypych 2011; Ustrnul et al. 2014) . The original Lityński classification was based on the sea-level pressure field. Also the new, modified classification of circulation types is based on daily mean sea-level pressure obtained from reanalysis (Pianko-Kluczyńska 2007; Philipp et al. 2010; Bartoszek 2017) .
For each record (date) from the years 2001-2010, the type of isobaric surface and direction of circulation were allocated, according to Lityński classification (1969) , which was modified and standardised by Pianko-Kluczyńska (2007) . The original calendar of Lityński circulation types (1968) was characterised by the non-homogeneity of material, which was caused by various sources of information about the pressure field (American, French and Polish synoptic charts, grid messages), and -resulting from these differences -varying accuracy of the obtained pressure fields. The modification by Pianko-Kluczyńska (2007) , and later also by Philipp et al. (2010) , consisted in preserving the homogeneity and at same time constantly updating of the catalogue. The types of atmospheric circulations were redefined, basing on the NCEP/NCAR Reanalysis data at 12.00 UTC (Kalnay et al. 1996) . The class boundaries that are determined with the use of this classification illustrate the changes of the character of circulation in Euro-Atlantic sector well. It is particularly visible, when we shorten the period based on which the boundaries of classes are estimated. Then the division of distr ibution values of particular circulation indices is even closer to the equalprobability one (Kulesza 2017). Thus, it might be assumed that the results obtained for Legionowo are representative for the lowland area of Middle Europe. The zone and meridional indices were calculated with the use of 5-degree step of geographical latitude and longitude. The index defining the form of isobaric field was calculated based on the knot closest to W arsaw, i.e. 52.5°N and 20°E, and therefore identical to the one for the nearby Legionowo. The original class boundaries that defined particular types were preserved. The classification includes 27 types of circulation. It takes into consideration 9 directions of air masses inflow over Poland, i.e.: N -northern, NE -north-eastern, E -eastern, SE -southeastern, S -southern, SW -south-western, Geographia Polonica 2019, 92, 2, pp. 189-209 W -western, NW -north-western, 0 -indefinite. In addit ion, this classification provides the information about three kinds of circulation, i.e.: the occurrence of cyclonic circulation "c" (low pressure above middle area of Poland), neutral -"0", or anticyclonic -"a" (high pressure in the neighbourhood of Warsaw). Each type of circulation (indicating direction and kind) corresponds to a characteristic division of high and low baric pressure over Europe (Pawłowska et al. 2000) .
The yearly average correspondence of the origi nal Lityński circulation types (1968) with the new, modified ones is high, and for the years 1951-2003 and 1971-2015 equals respectively 78% and 79%. Whereas the differences in the classification of around 21% cases result from using different boundaries of the classes of circulation indices (Pianko-Kluczyńska 2007; Kulesza 2017) . In turn, the yearly correspondence of particular components of the circulation type (meridional, zonal, transient components) reaches over 90% (Pianko-Kluczyńska 2007) .
Since the radiosonde data were collected at 00 UTC, and atmospheric circulation data -at 12 UTC, the circulation from the same date, i.e. 12 hours later, was assumed for each radio sounding. The circulation data taken at 00 UTC are not available in publications at present. Consequently, a methodological problem arose -whether to use the data which are not burdened by radiation impact but are moved 12 hours in relation to circulation data, or to apply the data collected at 12 UTC, which would entail a big and difficult to assess radiation influence. Therefore, the authors used radiosonde data which were collected at 00 UTC and circulation type data taken at 12 UTC.
Primarily yearly average temperature values (January-December) and the locations of isobaric surfaces, such as 925, 850, 700 and 500 hPa were subject of the analysis. In order to grasp seasonal changes, the authors investigated the average temperature values for winter (December-February) and summer (June-August) as well.
The number of particular directions and kinds of circulation indicates that anticyclonic weather dominated slightly over cyclonic during the year and in the summer. There were 1419 cases of anticyclonic weather (39.5%), compared with 1242 cases of cyclonic (34.5%). In the summer they occurred respectively in 380 cases (10.6%) and in 298 cases (8.3%). In turn, during the year and winter, meridional advections slightly dominated the zonal ones. This effect was not marked in the summer. An important feature throughout the year was the dominance of the inflow of air masses from the west quadrant (SW-W-NW) over the east one (NE-E-SE). The frequency of the west and east quadrant air masses inflow was 37.6% and 28.4% accordingly. The predominance of west directions over the eastern ones was particularly pronounced in cyclonic types of circulation. Their frequency per year, winter and summer was accordingly 512 cases (41.2%), 123 cases (39%), 106 cases (35.6%) and 301 cases (24.2%), 66 cases (21%) with 81 cases (27.2%) (Tab. 1). The predominance of west directions during the year and winter in the analysed period is consistent with the results of research on atmospheric circulation, using the Lityński classification (1969), over Central and Eastern Europe in 1871-2010 (Bartoszek 2017).
Results and Discussion
Since the ground temperature affects the temperature of the lower layers of atmosphere and advective changes at the upper baric surfaces impact ground-level temperature, the authors investigated the power of these mutual interactions in the atmosphere above Legionowo. The analyses that were conducted in the 2001-2010 multiannual period proved a strong relationship between the ground-level temperature at the start of the radiosonde with the temperature of the investigated isobaric surfaces, i.e. 925, 850, 700 and 500 hPa. "R" correlation coefficients reach respectively the following values: 0.92; 0.88; 0.80 and 0.79. They are similar to the coefficients of analogous correlations calculated in the years 1973-2002 for the atmosphere above Kraków (Bąkowski 2007).
The relationships under discussion are the strongest, but also affected by the biggest variability which is expressed by standard deviation, on the 925 hPa surface; the higher is the surface, the weaker is the relationship between its temperature and ground-level temperature and the smaller is temperature variability. This results from the disappearing impact of the ground. Standard temperature deviations on the 925, 850, 700 and 500 hPa isobaric surfaces reach respectively: 8.3°C; 7.5°C; 6.8°C and 6.9°C. The example of the correlation between the temperature at the start of the radiosonde and the temperature of the 925 hPa surface is illustrated below (Fig. 1 ). Bąkowski's research (2007) shows that during warm months the correlation relationship between air temperature in Stevenson Screen (2 m above ground level), and temperature on isobaric surfaces in the lower troposphere (obtained from reanalysis) over Kraków are the strongest (correlation coefficient ≥0.7) and mainly determined by advection. The weakest correlation (linear correlation coefficient of 0.5) occurs in November, December and January. These are the months with the shortest days. The air temperature's changes at the ground level in winter are therefore caused by radiation rather than advection factors, which is supported by anticyclonal systems. The systems help to keep a constant balance and the associated inhibitory layers in the lower atmosphere, what causes thermal inversions (Bąkowski 2007). In addition, the snow cover helps the air-temperature at ground level to stay low.
The above relationships, which resulted from the presented analysis, lead the authors to investigate how the type of atmosphere circulation -both in terms of its kind (the form of isobaric field) and the direction of air mass inflow -affects the temperature and location (height) of isobaric surfaces. Since isobaric and temperature fields relate to each other, the analysis of temperature field variability seems well-grounded. The results that were obtained for ground-level isobaric field can also refer to free troposphere (Asnani & Mishra 1975) . While Thorncroft and Hoskins (1990) in their work claim that temperature changes that occur at ground-level are especially conditioned by the changes of temperature field in lower-and mid-troposphere, in particular at the so-called advective level, which corresponds to the 850 hPa isobaric surface. These claims find their confirmation in the line of air temperature at groundlevel which was based on radiosonde measurements and in the location of individual isobaric surfaces (Fig. 2) .
The analysis of the results obtained from radio soundings at 00 UTC in the 2001-2010 multiannual period justifies the claim that throughout the year and in summer with anticyclonic circulation kind the average temperature at ground-level, as well as that on the isobaric surfaces in the lower troposphere (up to 850 hPa), is lower than that which occurs during the cyclonic one. In winter an analogous situation takes place, except that it also refers to the 700 hPa surface (Tab. 2). This most probable results from the fact that in a relatively dry air mass during winter anticyclones temperature decreases faster with height (the drop being similar to dry adiabatic lapse rate) than during more humid winter cyclonic systems.
There is a rule that in the case of anticyclonic circulation the analysed isobaric surfaces are located higher the in the case of cyclonic ones. The yearly mean differences between the location of 925, 850,700 and 500 hPa isobaric surfaces between anticyclonic and cyclonic circulation is about 127, 125, 125 and 131 m., respectively. Similarly, the average air temperature changes -0.3°C at the 850 hPa surface to -1.1°C at the ground level. In winter, when massive anticyclones develop over Europe, the mean differences are greater that in summer (Tab. 2), they depend not only on the circulation nature but also on the dynamics of individual baric systems -powerful systems of high pressure, characteristic for winter, relatively not very dynamic, cause multi-day episodes of high pressure at sea level and thus a higher position of the appropriate isobaric surfaces, what gives the above effect after averaging.
Regardless of the kind of circulation, the average location of isobaric surfaces above Legionowo in the 2001-2010 multiannual period increased slightly, compared to the analogous heights in the years 1961-1985, which were calculated by Pyka (1990) . For example, the average height of the 850 hPa, 700 hPa and 500 hPa isobaric surfaces increased by 3 m, 7 m and 11 m respectively. These growth values are small to such an extent that it cannot be determined whether they are caused by the climate change or related to the change of sounding equipment.
The details of the above are presented in the lines of locations and temperatures of isobaric surfaces throughout the whole year, during particular kinds of circulation . In each month of the year, during anticyclonic circulation individual isobaric surfaces are located higher that during cyclonic circulation (Fig. 3) . The highest locations above sea level occur in the warm season of the year, since May till October, the maximum being Kind  H925  H850  H700  H500  T  T925  T850  T700  T500 Year a 831 1,519 3,066 5,630 6.2 5.8 2.2 -5.5 -21.3 0 7 7 0 1 , 4 5 8 3 , 0 0 4 5 , 5 6 2 6 . 5 5 . 9 2 . 1 -5 . 9 -2 1 . 9 c 7 0 5 1 , 3 9 5 2 , 9 4 1 5 , 4 9 8 7 . 3 6 . 6 2 . 5 -6 . 0 -2 2 . reached in August or July. The lowest ones occur since November till March, with the minimum located in the lower troposphere (925 and 850 hPa) being reached in March, and at higher surfaces (700 and 500 hPa) -in January. It is worth noting that the biggest differences among the locations of isobaric surfaces during anticyclonic and cyclonic circulation kinds take place in winter months (December-January), when the maximum one is reached in December. Then they fall in the range between ca. 146 m for the 500 hPa surface to 174 m for the 925 hPa surface (Fig. 3) .
On the contrary, the slightest differences between the anticyclonic and cyclonic kind of circulation occur from May to September. The minimum difference is 73-76 m for the 925, 850 and 700 Pa surfaces and occurs in June. Only for the 500 hPa surface it occurs in May and amounts 51 m (Fig. 3) . The characteristics of June, such as: long day, intensive sunlight and turbulent heat exchange, do not form propitious circumstances for night temperature inversions. It can be stated that in the warm season the temperature changes at the ground-level and the locations of isobaric surfaces are to a great extent conditioned by advective changes. While the reasons for the biggest differences in winter season should be sought in, among other factors, the intensified impact of anticyclonic systems, which facilitate temperature inversions and the cooling of the lower layers of atmosphere by the snow cover during its retention.
Lityński (1969) and Bąkowski (2007) share this opinion.
The situation with the yearly lines of average air temperature at ground-level and on individual isobaric surfaces looks similar. Regardless of the circulation kind, they relate to the classical yearly the course of average temperature at moderate latitudes. The highest average values occur in summer, with the maximum ones falling in July, while the lowest average values appear in winter, with the minimum one falling in January or February ( Fig. 4) . For the anticyclonic circulations the minimum temperatures occur in January (except the 500 hPa surface, where it happens in February and the temperature is -29.6°C) and they reach: -4.3°C (T at the start of the sonde), -5.0 (925 hPa), -6.8°C (850 hPa), -13.7°C (700 hPa) and -29.5°C (500 hPa). While for the cyclonic and non-gradient kinds of atmospheric circulation, the minimum temperature occurs in February, except for the lowest level -the starting point of the radiosonde, for which the minimum appears in January and reaches the value of -0.7°C in the case of the cyclonic types and -2.4°C in the case of non-gradient ones. Regardless of the circulation kind, the increase in temperature from minimum to maximum on all isobaric surfaces is slower than its decrease from maximum to minimum. For a longer time of the year (4-5 months) the temperature of the surfaces under study above Legionowo stays around the minimum value, and high temperature values are observed for 2-3 months (Fig. 4) . Analogous conclusions result from the radio sounding studies of atmosphere for all stations in the zone of moderate altitudes (Pyka 1990).
In summer months (June-August), during anticyclonic types of circulation, the temperature of the 700 and 500 hPa surfaces is marked by higher average values than during cyclonic ones. In the case of July, this situation is visible on all the analysed surfaces (Fig. 4 ). This means that anticyclonic kinds of circulation, regardless their direction, cause the advections of warm air masses.
Once the location and temperature of the analysed isobaric surfaces during different types of circulation have been investigated, the next step is to study them in the context of both circulation directions and the direction combined with a given kind, which together form circulation type (NWa, NWc, NW0, etc.). In the light of the directions of air masses inflow, according to the calendar accepted for the purpose of this study, it can be observed that they significantly affect the parameters of isobaric surfaces that are being characterised. Namely, throughout the whole year and in summer and winter, with the directions from the northern quadrant (NW-N-NE), the individual isobaric surfaces are marked by lowest temperatures, and at the same time they are are located at the lowest level. Thus, these are typically the directions of cold advection. For example, with the norther direction, the average year temperatures and locations of the 925, 850, 700, 500 hPa isobaric surfaces equal respectively: 4.0°C and 754 m, 0.1°C and 1437 m, -8.1°C and 2970 m, -24.0°C and 5507 m. In turn, throughout the year and in winter, for the SW and W directions, the highest temperatures of particular surfaces are noted, these surfaces being then located relatively high (Tab. 3, . The result confirms the earlier observations by Degirmendžić and Kożuchowski (2017) , that in winter months (XII-II, i.e., Dec-Feb) the mean air temperature in Poland as well as the height of isobaric surfaces over the south of (40-45°N area) have a strong, positive correlation. In contrast, in the North Atlantic (60-70°N area), the correlation is negative. This isocorella system illustrates the influence of west and southwest circulation on the increase of air temperature in winter in Poland (Degirmendžić & Kożuchowski 2017) . For example, in the case of south-western direction, the average yearly temperatures and locations of the analysed surfaces, from the lowest to the highest, equal respectively: 8.0°C and 782 m, 4.2°C and 1476 m, -4.0°C and 3033 m and -20.0°C and 5610 m (Tab. 3). The advection from these directions is a warm one. It was Seweryńska (1978) that pointed out that the intensification of zonal circulation at the 500 hPa surface affected the shaping of positive anomalies of air temperature in Poland (except in summer, when they bring temperature reduction). Similarly, Wibig (2001) considers the changes of zonal circulation (positive phase of Northern-Atlantic Oscillation) to be the main cause of the changeability of temperatures in winter, while in the rest of the seasons the meridional types of circulations at the 500 hPa surface affect temperature.
The temperatures on isobaric surfaces vary significantly in the seasons that are extreme with regard to temperature. Namely, while in winter the circulations from SW, W and NW directions constitute warm advections, in summer the following directions, starting from W, through NW to N are evidently cold advections. This results from the physical properties that a given air mass acquired above the source area. In winter relatively warm and humid air flows from the Northern Atlantic in the western sector;
in summer this advection is relatively cold and humid. Consequently, there occur the presented implications for the temperature and locations of isobaric surfaces. Interesting looks the situation with the advection of air masses from NE and NW. In winter NE direction brings the coldest air on all isobaric surfaces. Whereas NW direction brings the same situation in summer. In turn, the advection of warm air masses in summer, which is distinct on the analysed surfaces, is mainly caused by four directions: E, SE, S and SW, SW direction playing a much weaker warming role than it does in winter or throughout the whole year (Tab. 3; Figs. 7, 9) . In summer season high temperature in Poland correlates with the height of the geopotential over Mid-Eastern Europe. Then the mutual interactions between temperature and the 500 hPa geopotential appear more distinctly-in warm air masses 500 hPa surface raises. It can be stated that in summer advection becomes less significant, while the role of insolation, which is related to anticyclonic type of weather, increases. (Degirmendžić & Kożuchowski 2017) . A similar conclusion can be drawn from the work of Bartoszek (2017), who showed an increased frequency of the anticyclonic type of circulation over Central and East Europe in summer in 1871-2010.
When analysing different circulation situations, it might be observed that throughout the year as well as in winter and summer the lowest isobaric surfaces occur during circulations from the northern quadrant. Also, they are accompanied by the lowest air temperatures at the analysed surfaces ( Figs. 5-10) . Thus, these circulations bring cold air advections. Warm air inflows during the circulations from the following directions: starting from E through S to W, SW and W being particularly privileged in this respect. Similarly, Bąkowski (2007) emphasised that the changes of advections that caused the increase of temperature in southern Poland occurred during circulation types from SW and S, both at the high and low pressure. While Degirmendžić (2003) , investigating the influence of advection at the 850 hPa surface on temperature, defined the directions bringing warm and cold waves in Łódź. The advections from S-W are responsible for warm waves, while cold waves are caused by the advections from NE and E in winter and in summer from W and NW.
Annually, the kind of E circulation is not insignificant -Ec circulation is on average warmer than Ea by 1.5°C on 925 hPa isobaric surface, by 1.3°C on 850 hPa, by 0.3°C on 700 hPa and by 0.2°C on 500 hPa. While in the case of western circulation this impact is the opposite -Wa is on average warmer than Wc by 1.1°C on the 925 hPa isobaric surface, by 1.9°C on 850 hPa, by 2.4°C on 700 hPa and by 2.7°C on 500 hPa (Fig. 5) .
The interpretation of this situation is obvious, when we take into consideration what the pressure field that determines the advection in the area further from Warsaw looks like. The example of the situation with Ec circulation is presented in Figure 12 . In the illustrated case of Ec circulation, air inflows to the region of Warsaw from the east, but its source area is Black Sea region. The rule can be assumed, which says that in the case of Ec and Wa circulations, the curve of air inflows from the south-east/south-west, and it assumes respectively eastern/western direction relatively close to Warsaw. In the case of Ea and Wc circulations the situation is the opposite, which means that the curve of air mass inflows from the north-east/ north-west, assuming, as before, respectively eastern/western direction close to Warsaw. Whereas it has not been explained yet why in the case of the advection from the eastern direction throughout the year temperature differences between the kinds of circulations at the higher surfaces (700 hPa and 500 hPa) are an order of magnitude smaller than in the case of the advection from the west (Fig. 5 ). However, it is known that in the NEa situation the anticyclonic centre is located in the southern Scandinavia. In the cold season it causes the arctic air flow to Central Europe. To the south of anticyclone there is a widespread cyclonic area, stretching between the Azores and the Mediterranean. Sometimes, there are separate upper cyclones in this area. In such a case, there is a different airflow direction at groundlevel and at higher surfaces of atmosphere.
Probably for this reason, there are noticeably smaller temperature differences at the higher surfaces during east advection rather than the west ones, for distinct types of circulation. For E circulation, the situation in winter is similar, but with a smaller amplitude than throughout the whole year (Fig. 7) . While for summer, Ec is warmer from Ea only on the lower isobaric surfaces (Fig. 9) . Some diversity in this respect can result from the disproportionate occurrence frequencies of a given kind of circulation on the eastern direction. Namely, anticyclonic kind appeared, both in winter and in summer, twice more often than the cyclonic one (Tab. 1).
In turn, Sc circulation throughout the year and in summer is usually colder than Sa circulation, and in winter the situation is the opposite. Na circulation, both throughout the year and in individual seasons, is colder than Nc circulation at the 925 and 850 hPa surfaces, but it is warmer at the 700 and 500 hPa surfaces (Figs. 5, 7, 9) . To summarise, northern circulations affect atmosphere temperature to a greater extent than southern ones. It is an obvious rule that all isobaric surfaces, regardless of circulation direction, are located lower during the cyclonic kind of circulation than during the anticyclonic one, because the first is connected with low pressure system and the latter -the opposite (Fig. 11) . This relationship occurs both throughout the whole year as well as in winter and summer (Figs. 6, 8, 10 ).
Summary and Conclusions
The analysis of the temperature and location of the selected isobaric surfaces in the troposphere above Legionowo, which was conducted on the basis of radiosonde measurements at 00 UTC in the years 2001-2010, enables us to put forward the following claims: 1. There exists a distinct relationship between the temperature of the analysed isobaric surfaces and the temperature at groundlevel, the coefficients of correlation are ca. 0.9-0.8. 2. The analysis of only the kind of circulation (cyclonic, neutral, anticyclonic), excluding its direction, indicates the following: a. During anticyclonic kind of circulation, the average yearly temperature as well as the average temperature in the individual months at the ground-level and on isobaric surfaces are lower than during cyclonic one. Then isobaric surfaces are located higher above sea level. b. The isobaric surfaces from 925 hPa to 500 hPa are located at the highest level above sea in the warm season of the year, the maximum occurring in August or July (except 925 hPa for anticyclonic and neutral kinds -the maximum appears in September). c. The isobaric surfaces located at the lowest levels occur between November and March. The minimum for the anticyclonic kinds of circulation in lower troposphere (925 and 850 hPa) appears in March, and at the higher surfaces (700 and 500 hPa) -in January. The minimum for cyclonic and neutral kinds at higher surfaces occurs in February. d. The biggest differences between the locations of isobaric surfaces during anticyclonic and those during cyclonic kind of circulation occur in winter, the maximum appearing in December. f. On all isobaric surfaces the increase of temperature from minimum to maximum is slower than its decrease from maximum to minimum. During a longer period of the year (4-5 months) the temperatures of isobaric surfaces under study over Legionowo stay close to the minimum value, and high temperatures are observed for 2-3 months. 3. The analysis of atmospheric circulation direction, regardless of the kind of circulation, leads to the conclusion that throughout the year, in winter and in summer with the direction from the northern quadrant (NW-N-NE) isobaric surfaces are marked by the lowest temperatures and are located at the same time at the lowest levels. Therefore, they are the typical directions of cold advection. In turn, throughout the year and in winter SW and W directions correlate with the highest temperature values of individual surfaces, and then these surfaces are located at the relatively highest levels. The advection of air masses from these directions is a warm one. However, while in winter the circulations from SW, W and NW directions constitute warm advection, in summer the following directions: from W through NW to N are evidently cold advections. This results from the physical properties that a given air mass acquired above the source area. In winter NE direction brings the coldest air on all isobaric surfaces. Whereas in summer the same situation is caused by NW direction. While in summer four directions, i.e.: E, SE, S and SW, are mainly responsible for the advection of warm air masses, in summer the warming effect of SW direction is distinctly weaker than it is in winter or throughout the year. 4. When analysing both components of circulation (direction and kind) together, it can be observed that throughout the year as well as in winter and in summer isobaric surfaces are located at the lowest levels during the circulations from the northern quadrant. These situations are accompanied by the lowest temperatures of the analysed surfaces. These are cold circulations. Warm air inflows during the circulations from the following directions: from E through S to W, especially from SW and W (Figs. 5, 6) . Annually, cyclonic situations are warmer than anticyclonic during eastern advection, whereas during the advection from the west anticyclonic circulations are warmer than cyclonic ones. 5. Northern circulations exert a stronger influence on atmospheric temperature than the southern ones. It is a rule that all isobaric surfaces, regardless of the direction of circulation, are located at the lower levels during cyclonic circulation than during anticyclonic one. 6. Atmospheric circulation plays a significant role in shaping troposphere temperature conditions. The relationships that have been recognised in the study basing on a relatively long period of aerological measurements give grounds to determine the -important for climatology -average meteorological parameters on the vertical axis of atmosphere. They are consistent with the previous results of the studies on atmospheric circulation's impact on the temperatures above Poland and Europe. They can not only be employed to forecast the weather, but also give rise to a research aspect with regard to climate changes, etc. The universality of the circulation calendar which was used and the geographical location of the Aerological Station in Legionowo entitle us to claim the results of this study to be representative for the lowland of Central Europe in the context of, for example, the changes of the temperatures of isobaric surfaces in troposphere. Nonetheless, in order to render the investigation of their changeability and statistical significance possible, these results require a further research which would be based on a greater number of stations and conducted for a longer time.
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